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Abstract	
	
This	research	was	carried	out	in	the	lowland	area	of	Kulon	Progo	Regency,	Yogyakarta	
Special	Region,	Indonesia.	It	is	aimed	to	identify	several	natural	hazards	potential	by	using	
Unmanned	Aerial	Vehicle	(UAV)	developed	by	“Kelompok	Riset	Dirgantara”	(Aerospace	
Research	 Group)	 Universitas	 Gadjah	 Mada.	 Visual	 interpretation	 was	 conducted	 to	
analyze	 the	 landform	characteristic	 related	 to	 the	 specific	hazard.	Descriptive	analysis	
was	carried	out	by	using	landform	as	analysis	unit.	It	is	assumed	that	different	landform	
will	 reflect	 different	 hazard	 potential	 and	 each	 landform	 possibly	 has	more	 than	 one	
hazard.	Provisional	results	on	image	analysis	show	that	lowland	area	in	the	research	area	
can	be	distinguished	in	to	several	landforms.	Based	on	the	genetic,	it	can	be	classified	to	
landform	 of	 marine	 origin	 and	 fluvial	 origin.	 From	 the	 shoreline	 to	 the	 hinterland,	
landforms	can	be	differentiated	such	as	beach,	beach‐ridge	and	swale	complexes,	alluvial	
plain,	floodplain,	and	lagoon.	Each	landform	potentially	has	multiple	hazards,	for	instance	
earthquake,	tsunami,	flooding,	marine	erosion	and	strong	wind.	The	level	of	multi	hazards	
is	varied	for	different	landform.	Further	analysis	is	needed	for	determining	level	of	risk	to	
multi	hazards,	i.e.	by	including	vulnerability	and	capacity	factors.	By	doing	so,	the	results	
can	be	used	as	a	disaster	risk	management	basis.	
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1. Introduction		
Based	on	 the	natural	 condition,	 Indonesia	 is	 prone	 to	multi‐hazards	 event,	 both	
geophysical	 and	hydro‐meteorological	hazards.	Almost	all	natural	hazard	 types	can	be	
found	 in	 this	 country,	 such	as	earthquake,	 tsunami,	 volcanic	 eruption,	 landslide,	 flood,	
drought,	and	forest	fire.	If	such	hazard	affects	human	life,	it	will	result	in	disaster.	Disaster	
can	occur	anytime	and	anywhere,	it	may	happen	either	in	the	urban	or	rural	areas.	
                                                    
*	Corresponding	author.	Tel.:	+62‐812‐271‐5091;	fax:	+62‐274‐548812.	
E‐mail	address:	djati.mardiatno@ugm.ac.id	
 18 
 
	
According	to	National	Disaster	Management	Authority	(BNPB),	Yogyakarta	Special	
Region	(DIY)	area,	including	Kulon	Progo	Regency,	is	categorized	at	a	high	susceptibility	
to	 disasters.	 Coastal	 area	 as	 a	 part	 of	 lowland	 area	 in	Kulon	Progo	 can	 be	 called	 as	 a	
quaternary	 landscape	 (Santosa,	 2014).	 This	 area	 consists	 of	 quaternary	 alluvium	
dominated	by	sandy	materials.	As	shown	in	Figure	1,	the	coastal	area	is	located	between	
7º53'18"	 to	 7º59'00”	 South	 Latitude	 and	 110º0'00"	 until	 110º14'00"	 East	 Longitude.	
Geographically,	this	coastal	area	is	situated	adjacent	to	the	subduction	zone	between	the	
India‐Australian	plate	and	the	Eurasian	plate	in	Indian	Ocean.	This	subduction	zone	may	
potentially	result	in	tectonic	earthquakes	that	potentially	generating	a	tsunami.	
	
Tsunami	can	be	caused	by	the	earthquake	on	the	seabed	resulting	rise	in	sea	waves	
quickly	and	suddenly.	Although	this	area	in	recent	years	are	not	directly	affected	by	the	
tsunami	that	hit	the	southern	coastal	area	of	Java,	there	is	a	tsunami	that	potentially	hit	
along	 the	 south	 coastal	 area	 of	 Kulon	Progo.	 Last	 tsunami	 in	 2006	 from	Pangandaran	
could	reach	this	location,	affected	mostly	in	Temon	district.	
	
On	the	other	hand,	this	lowland	area	also	has	been	potentially	inundated	by	flooding	
in	the	South–East,	because	the	river	overflow	here	sometimes	result	in	a	pool	of	water.	
This	event	happened	in	several	districts,	such	as	in	Sentolo	(caused	by	overflow	of	Sungai	
Papah)	 and	 Nanggulan	 area,	 due	 to	 Keso	 river	 overflow	 (Bappeda	 DIY,	 2007).	Water	
overflowing	rivers	especially	inundated	paddy	fields.	
	
The	 variety	 of	 potential	 hazards	 exist	 in	 these	 areas	 is	 very	 important	 to	 be	
considered	as	the	input	in	spatial	planning	(Mardiatno	et	al,	2016b).	Furthermore,	this	
area	 has	 been	 selected	 as	 the	 location	 of	 regional	 mega	 project	 such	 as	 Fish	 Port	 of	
Tanjung	 Adikarta,	 Iron	 Ore	 Mining	 and	 Processing	 Plant,	 and	 the	 New	 Yogyakarta	
International	 Airport	 based	 on	 the	 Regional	 Regulation	 No.	 1	 Year	 2012	 on	 Regional	
Spatial	Planning	of	Kulon	Progo	Regency	Year	2012‐2032.	Thus,	it	is	necessary	to	promote	
the	 principles	 of	 appropriate	 mitigation	 as	 well	 as	 disaster	 risk	 reduction	 in	 case	 of	
disaster	occur	in	this	area.	
	
	
Figure	1.	Overview	of	the	lowland	area	of	Kulon	Progo		
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Aerial	Photographs	by	utilizing	air	vehicle	UAV	has	become	a	trend	and	growing	in	
the	world	of	photography.	Its	use	is	growing	to	coastal	area	and	maritime	field	of	study.	
Data	from	aerial	photographs	has	become	an	important	data	source	for	further	analysis	
in	the	maritime	world,	including	for	disaster	studies.	Coastal	and	maritime	information	
extraction	can	also	be	done	by	optimizing	small	format	aerial	photography.	
	
Based	on	the	previous	explanation,	this	research	is	aimed	to	identify	several	natural	
hazards	 potential	 by	 using	 Unmanned	 Aerial	 Vehicle	 (UAV)	 developed	 by	 “Kelompok	
Riset	Dirgantara”	 (Aerospace	Research	Group)	Universitas	 Gadjah	Mada.	 According	 to	
Harintaka	(2009)	and	Mardiatno	et	al	(2016a),	the	air	photo	has	an	advantage	in	faster	
data	acquisition,	cheaper	operating	costs,	and	equipment	readily	available	for	use	of	non‐
metric	 cameras.	 Aerial	 photo	 has	 a	 high	 spatial	 resolution,	 but	 it	 has	 a	 weakness	 in	
geometric	distortion,	so	that	it	is	necessary	to	correct	geometric	data	prior	to	use	it.	The	
development	of	vehicle	(UAV)	and	the	camera	used	for	capturing	photos	is	also	growing	
rapidly.	
	
2. Method	
	
UAV	Gama‐2	was	used	as	a	main	instrument	for	landform	data	acquisition	from	the	
air.	The	camera	installed	in	UAV	for	capturing	photos	is	the	Single	Lens	Reflection	(SLR)	
camera	with	a	35	mm	format.	The	focal	length	of	the	lens	will	be	associated	with	an	area	
of	coverage	recorded	by	the	camera.	The	longer	the	lens,	the	focal	area	of	coverage	will	be	
even	greater.	
	
Flight	 plan	 determination	 is	 one	 of	 the	 processes	 in	 taking	 aerial	 photographs.	
Making	 flight	plan	 should	 cover	 the	whole	of	 the	area	 to	be	 photographed	 taking	 into	
account	both	the	efficiency	and	safety	of	the	operator,	the	tool	of	UAV	and	everything	that	
exists	in	the	area	of	the	subject.	Several	following	factors	were	considered	in	determining	
flight	plan:	end	laps	and	side	laps	between	60%	and	70%,	focal	length	and	the	sensor	for	
maintaining	photo	quality,	photo	scale	and	fly	height,	and	roaming	capability	as	well	as	
wind	direction.	
	
After	making	a	complete	flight	plan,	the	next	step	is	setting	up	the	UAV	that	will	be	
carried	out	to	take	aerial	photographs.	To	control	the	UAV	aircraft,	supporting	equipment	
were	connected	 to	 the	aircraft.	Ground	station	was	put	on	“Set	Home”	 flight	area.	One	
laptop	with	 the	Mission	Planner	(APM	Planner)	software	was	utilized	 for	 this	purpose	
(Figure	2).	
	
	
	
Figure	2.	Ground	station	used	for	this	research		
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Flight	plan	was	 fit	 to	 the	coverage	area,	 the	best	roaming	capabilities	and	 image	
resolution	 that	 will	 be	 generated	 (see	 Figure	 3).	 For	 this	 research	 purposes,	 photo	
resolution	 is	 5cm/pixel,	 resulted	 by	 the	 comparison	 analysis	 between	 the	 sensor	
capability	and	200	meters	flying	height	above	ground	level.	
	
	
	
Figure	3.	Flight	plan	illustration		
	
After	flight	plan	was	decided,	the	next	step	was	determining	the	coverage	area	to	
be	photographed	 followed	by	 the	 flight	 grid	marking	and	calculating	end	 lap,	 side	 lap,	
flight	height,	image	resolution	and	camera	sensor	capabilities.	Finally,	UAV	was	flown	and	
captured	aerial	photographs	in	accordance	with	the	flight	plan	decided	previously.	
	
Descriptive	 analysis	 through	 photo	 interpretation	 was	 conducted	 by	 using	
landform	 unit	 as	 the	 analysis	 unit.	 To	 obtain	 landscape	 information	 using	 aerial	
photographs,	 remote	 sensing	 imagery	 interpretation	 key	 were	 applied.	 Key	 image	
interpretation	 helps	 to	 identify	 objects	 on	 aerial	 photographs.	 Elements	 of	 image	
interpretation	 consists	 of	 color,	 hue,	 shape,	 size,	 shadow,	 websites,	 associations	 and	
patterns.	 Land	 use	 also	 can	 be	 used	 as	 an	 indicator	 for	 landform	 interpretation	 if	
morphological	features	are	not	easily	differentiated.	This	is	a	true	since	landform	in	the	
lowland	area	sometimes	express	homogenous	morphology	only.	
 
3. Results	and	Discussions		
	
Aerial	photos	recorded	from	camera	installed	in	UAV	are	352	photos.	Processing	of	
aerial	photos	into	a	photo	mosaic	by	doing	some	of	the	steps	being	taken	automatically	
using	photogrammetric	software.	These	stages	include	conversion	of	photos	into	a	point	
clouds,	followed	by	simplification	the	point	cloud	into	a	dense	cloud	(become	finer	point),	
and	then	merge	into	a	mesh	cloud	dense.	After	these	phases,	the	next	following	step	was	
creating	mosaics	and	texturing.	
	
When	a	collection	of	photos	has	presented	 into	a	photo	mosaic,	 it	 is	only	known	
coordinates	 of	 the	 model.	 The	 model	 coordinate	 then	 was	 converted	 into	 ground	
coordinates,	 i.e.	 data	 corresponding	 to	 the	 position	 in	 the	 field.	 For	 this	 purpose,	
rectification	 by	 using	GCP	 (Ground	Control	 Point)	 in	 the	 aerial	 photo	 is	 needed.	 After	
geometric	 correction	 was	 conducted,	 images	 have	 been	 corrected	 properly.	 The	
photomosaic	can	be	used	for	further	analysis	such	as	visual	 identification	of	objects	or	
features.	Figure	4	shows	the	photomosaic	of	the	research	area.	
	
The	results	of	aerial	photography	using	SLR	camera	produce	good	images	in	a	good	
air	 condition.	 Several	 information	 can	 be	 obtained	 from	 photomosaic	 data	 such	 as	
information	on	beach	morphology	and	morphometry	beach.	Other	useful	information	is	
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land	 use,	 which	 might	 be	 used	 for	 multipurpose	 analysis,	 e.g.	 to	 support	 landform	
interpretation	analysis.				
	
	
		
Figure	4.	Photomosaic	of	the	coastal	lowland	area	of	Kulon	Progo		
	
Based	on	the	visual	interpretation	results,	landforms	in	the	lowland	area	genetically	
can	be	classified	into	marine	and	fluvial	origin.	They	potentially	have	multiple	hazards,	
either	collateral	or	simultaneous	(Mardiatno	et	al,	2016b).	The	coastal	alluvial	plain	(or	
alluvial	 coastal	 plain)	 directly	 face	 to	 the	 subduction	 zone	 in	 the	 Indian	 Ocean.	 From	
geomorphology	 point	 of	 view,	 landscape	 of	 the	 coastal	 area	 is	 located	 in	 the	 two	
environments,	 namely	 the	 coastal	 environment	with	 beach	 ridges‐swale	 complex	 unit	
(partly	 covered	 by	 sand	 dunes)	 and	 the	 coastal	 environment	 dominated	 by	 beach	
landforms	which	has	morphological	beach	cusps.	
	
Mardiatno	et	al	(2015)	explained	that	coastal	area	is	a	dynamic	system	which	has	
an	 important	 value	 as	 a	 natural	 environment.	 The	 research	 area	 has	 not	 only	 good	
resources	potential	but	also	hazard	potential.	Coastal	area	as	a	strategic	location	of	human	
activity	center	and	settlement	 is	a	prone	area	 to	 coastal	hazards,	 such	as	 tsunami	and	
marine	erosion.	Tsunami	run	up	in	this	region	can	exceed	10	meters,	although	the	average	
run	 up	 is	 about	 3	meters.	 The	 existence	 of	 specific	 features	 such	 as	mangroves,	 sand	
dunes,	lagoons,	and	beach	ridges	can	be	used	as	a	protective	measures	against	tsunami	
threat.	Settlements	and	objects	located	behind	these	formations	are	relatively	safe	from	
the	tsunami	if	the	run‐up	height	is	still	below	the	elevation	of	these	formations.	
	
Potential	flood	hazard	in	Kulon	Progo	is	more	common	in	riparian	area	of	Progo,	
Serang,	and	Bogowonto	River	(Bappeda	DIY,	2007).	Flood	events	mainly	occurred	in	the	
floodplain	 and	 flood	 terraces.	 It	 can	 also	 potentially	 happen	 in	 the	 alluvial	 plains	 and	
backswamps	or	marshes	located	behind	beach	ridges	formation,	because	runoff	may	be	
blocked	by	beach	ridges	features.	Flooding	is	usually	caused	by	the	overflow	of	river	water	
at	the	beginning	and	middle	of	the	rainy	season	when	rainfall	intensity	above	average	or	
rainfall	occurs	with	a	long	duration.	
	
The	 area	 along	 the	 Progo	River	 should	 be	 considered	 as	 the	 earthquake	 source	
because	the	river	morphology	is	formed	by	faulting	process.	If	earthquake	happen	with	
its	epicenter	near	the	fault	zones	of	Progo	River	and	its	magnitude	is	strong	enough,	this	
fault	can	also	be	activated	as	Opak‐Oyo	pathway	in	2006	earthquake,	which	results	in	high	
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level	of	damages.	This	tectonic	earthquake	can	be	deadly	and	potentially	destroy	many	
buildings	or	infrastructures	that	may	result	in	many	casualties.	
	
According	to	the	previous	explanation,	it	can	be	argued	that	there	is	a	relationship	
between	landforms	and	potential	hazards	within	the	landforms.	Landform	information	is	
a	starting	point	or	key	to	analyze	the	hazard	potential.	Table	1	shows	the	landform	units	
variation	in	the	research	area	and	their	relationship	with	hazards	potential.	
	
Table	1.	Landforms	and	Hazard	Potential	Types	
No	 Landform	Unit	 Hazard	Potential	
1	 Beach	ridge‐swale	complex Flood,	Earthquake
2	 Mature	Beach	Ridge	 Tsunami,	Earthquake		
3	 Young	Beach	Ridge		 Tsunami,	Storm	Surge,	Marine	erosion	
4	 Old	Beach	Ridge	 Flood,	Earthquake,		
5	 Alluvial	Plain	 Flood	
6	 Coastal	Alluvial	Plain	 Flood
7	 Sand	Dunes	 Tsunami	
8	 River	Basin	and	terraces	 Flood
	
From	 aerial	 photos,	 it	 is	 also	 possible	 to	 identify	 the	 detailed	 morphology.	
Furthermore,	 elements	 at	 risk	 as	 the	 objects	 for	 vulnerability	 analysis	 also	 can	 be	
collected.	Figure	5	shows	the	examples	of	landform	features	and	several	elements	at	risk	
acquired	from	aerial	photograph	data.		
	
	
	
Figure	5.	Examples	of	detailed	landform	features	and	elements	at	risk		
	
Land	use	can	also	be	used	for	differentiating	landform.	Since	coastal	area	sometimes	
reflects	quite	similar	morphology,	 it	 is	necessary	to	use	other	key	features,	 in	this	case	
land	use.	Figure	6	indicates	that	land	use	sometimes	is	very	useful	to	delineate	landform	
from	air	photos.	
	
	
	
Figure	6.	Example	of	land	use	as	an	alternative	indicator	to	differentiate	landform			
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Other	 features	 can	 be	 acquired	 for	 vulnerability	 analysis.	 Vulnerability	 is	 an	
important	factor	for	disaster	risk	analysis	purpose.	Figure	7	illustrates	the	element	at	risk	
(shrimp	ponds)	as	a	vulnerable	object	to	potential	coastal	hazards	such	as	tsunami	and	
marine	erosion.	
	
	
	
Figure	7.	Example	of	shrimp	pond	as	a	vulnerable	object	to	tsunami	and	marine	erosion			
	
Further	analysis	is	necessary	for	risk	assessment,	especially	for	the	analysis	related	
to	the	realization	of	new	airport	in	this	location	(Figure	8).	Refer	to	Paripurno	et	al	(2015),	
even	only	for	tsunami,	risk	level	in	the	planned	area	for	airport	and	its	surrounding	will	
increase	in	line	with	the	rising	of	element	at	risk	value.	The	people	exposure	can	be	more	
than	1000	times	and	total	loss	will	be	more	than	200	times.	
	
	
	
Figure	8.	Sketch	of	the	New	Yogyakarta	International	Airport	location		
	
Based	on	the	spatial	theory,	airports,	ports	and	factories	is	commonly	recognized	
as	CBD	(Central	Business	District)	that	can	stimulate	the	development	of	other	sectors,	
especially	the	road	network.	It	has	been	proven	by	the	government's	commitment	to	JJLS	
(Southern	Roadway)	development.	JJLS	construction	is	planned	for	completion	in	2019,	
which	is	expected	to	facilitate	and	stimulate	the	development	of	Kulon	Progo	Regency	and	
surrounding	 areas.	 The	 road	 network	 construction	 is	 a	 first	 step	 in	 the	 regional	
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development.	Road	network	is	an	important	aspect	in	developing	of	an	area,	where	ease	
of	 distribution	 of	 goods	 and	 the	 mobility	 of	 the	 population	 is	 highly	 influenced	 the	
development	rate	of	the	region.	If	there	is	no	right	preparation	to	anticipate	the	potential	
multi	hazards	event	in	this	area,	the	possibility	of	loss	will	be	very	high.	
	
Disaster	 risk	 reduction	 paradigm	 is	 a	 disaster	 management	 planning	 which	
integrates	scientific	and	practical	view	and	also	considers	physical,	social,	economic,	and	
political	 factors.	 It	 is	directed	to	 increase	all	stakeholder’s	capability	and	awareness	to	
manage	the	multi	hazards	potential	in	this	region.	The	implementation	of	suitable	disaster	
risk	reduction	efforts	in	the	lowland	area	must	consider	the	socio‐economic	factor,	local	
wisdom,	environment	sustainability,	effectivity	and	efficiency,	and	also	complexity	of	the	
area	itself.	
		
4. Conclusions	
	
The	 research	 area	 has	 potentially	 multi	 hazards	 event,	 either	 collateral	 or	
simultaneous.	Land	use	 can	be	used	as	 a	key	 features	 to	differentiate	 landforms	as	an	
analysis	unit	in	the	lowland	area.	UAV	offers	a	more	detailed	spatial	terrain	data	which	is	
very	useful	for	multi	hazards	analysis.	It	also	provided	other	useful	spatial	data	to	support	
further	 analysis	 such	 as	 vulnerability	 and	 risk	 potential.	 Disaster	 risk	 reduction	
alternatives	must	take	into	account	the	potential	multi	hazards	event	and	other	factors	
influencing	the	risk	reduction	actions.	
	
Acknowledgements	
 
This	 paper	 is	 part	 of	 the	 research	 titled	 “The	 development	 of	 Unmanned	 Aerial	
Vehicle‐UAV	GAMA	for	Regional	Monitoring	within	the	Frame	of	Maritime	State	Insight	
and	National	Independent”	(in	Bahasa:	Pengembangan	Potensi	Teknologi	Pesawat	Udara	
Tanpa	Awak	UAV	GAMA	 untuk	Monitoring	Wilayah	 dalam	Kerangka	Wawasan	Negara	
Maritim	dan	Kemandirian	Bangsa).	The	authors	thank	to	the	Directorate	General	of	Higher	
Education	Ministry	of	Research,	Technology	and	Higher	Education	 for	 the	second	year	
(2016)	grant	of	the	research	and	to	support	this	paper	writing.	
	
References	
	
Bappeda	 DIY.	 (2007).	 Penyusunan	 Profil	 (Hazard,	 Vulnerability,	 dan	 Risk),	 Pemetaan	Wilayah	
Rawan	 Bencana	 dan	 Penyusunan	 Rencana	 Aksi,	 Laporan	 Akhir,	 Pemda	 DI	 Yogyakarta,	
Yogyakarta.	
Harintaka	 (2009).	Small	Format	Aerial	Photography	dan	Small	Format	Aerial	Photogrammetry:	
Kajian	 Sistem,Distorsi	 dan	 Produknya.	 In	 Proceedings	 of	 Simposium	 Nasional	 Sains	
Geoinformasi	I,	Fakultas	Geografi	UGM,	Yogyakarta.	
Mardiatno,	D.,	Sunarto,	Rahayu,	L.,	and	Malawani,	M.N.	(2015).	Potensi	Risiko	Bencana	Kepesisiran	
di	Wilayah	Kabupaten	Bantul,	Daerah	Istimewa	Yogyakarta.	In	Proceedings	of	Konferensi	
Nasional	Forum	Perguruan	Tinggi	untuk	Pengurangan	Risiko	Bencana	(KN	FPT‐PRB	2015),	
Surakarta,	Indonesia.	
Mardiatno,	D.,	Khakhim,	N.,	and	Priyambodo,	T.K.	(2016a).	Identification	of	Flood‐prone	Area	Using	
Remotely	Sensed	Data‐Case	in	Tanjung	Selor	City,	North	Kalimantan.	In	Proceedings	of	IEEE	
International	 Conference	 on	 Aerospace	 Electronics	 and	 Remote	 Sensing	 Technology	
(ICARES	2015),	Denpasar,	Indonesia.	DOI	10.1109/ICARES.2015.7429823.	
Mardiatno,	D.,	Susmayadi,	 I.M.,	Faizah,	M.,	Mustofa,	U.,	and	Ahmad,	D.N.A.	(2016b).	Multi Multi‐
hazards	Analysis	Based	on	Landscape	Approach	in	the	Area	of	Yogyakarta	New	Airport	Site	
Plan.	In	Proceedings	of	the	8th	International	Graduate	Students	and	Scholars’	Conference	in	
Indonesia	(IGSSCI	2016),	Yogyakarta,	Indonesia.	
 25 
 
Paripurno,	E.T.,	Nugroho,	A.R.B.,	Wicaksono,	A.P.,	Pradana,	G.,	 and	Nugroho,	N.E.	 (2015).	Kajian	
Peningkatan	 Risiko	 Bencana	 Tsunami	 di	 Pantai	 Selatan	 Kulon	 Progo‐Yogyakarta.	 In	
Proceedings	of	Simposium	Nasional	Mitigasi	Bencana	Tsunami	2015	(SNMBT	2015),	Banda	
Aceh,	Indonesia.	
Santosa,	L.W.	(2014).	Keistimewaan	Yogyakarta	dari	Sudut	Pandang	Geomorfologi,	Gadjah	Mada	
University	Press,	Yogyakarta.	
